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esent invention relates Lo a process for 

ig an article based on expanded polymer. The 

>n relates more particularly to a process for 
ig a pearl based on expanded polymer. 



E3senti 
as 
nonstru 



foa ns 



Structu 
density 
of the 



A :703 836 2021 



P. 2-1 



'£BCT»/FR2CH0 



FOR PREPARING A PEARL BASED ON EXPANDED POLYMER 



Expandcji synthetic materials are used in many fields, 
such as heal or sound insulation, upholstery, etc. 



illy two types of expanded material, also known 
, are distinguished: structural foams and 
tural foams. 



al foams are rigid foams composed of a low- 
core and a skin whose density is close to thai, 
polymer of which the matrix is composed. These 



foams may be used as lightened structures in the field 
of aeronautics or motor vehicles, for example. 

Nonstructural foams may be flexible or rigid. The rigid 
foams a:e used in the field of heat insulation (the gas 
present in the cells acts as the insulating agent). 
Flexible foams are used, in the field of furniture and 
upholstery, for their compressibility and shock- 
absorbing properties, in the field of packaging on 
account of their low weight, and also in the field cf 
sound iisulation (foams with an open porosity have the 
particular feature of absorbing certain frequencies} . 



Various 
polymer 



It is 
the pol 



methods are known for obtaining thermoplastic 
foams, such as polystyrene, PVC, polyethylene, 
polypropylene, etc. foams arid especially polyamide 
foams. 



own practice to inieot pressurized gases into 
rmer melt. 
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It is also known practice to incorporate pore-forming 
agents - heat-unstable fillers - into the polymer melt, 
which release a gas during their decomposition. 



It is ; 
into t 
volatil 



lso possible to dissolve or disperse compounds 
ie polymer melt, the foam being obtained by 
izaticn of these compounds. 



Finally 
of a 
ins Lane 
for the 
isocyan 
of polyb 



it is known practice to obtain foams by means 
emical reaction in which gas is evolved, f or 
2 carbon dioxide. This is the case, for example, 
polyurethane foams obtained by reaction between 
3tes, pclyols and water leading to the formation 
rethane with release of carbon dioxi.de. 



Polyamibie foams may also be obtained chemically, by 
placing isocyanates and lactams in contact, along with 
bases t: activate the anionic polymerization. 



These 
polyami 
example 
obta 
for va 



inei 



sought 



For cer 
is inti 
especia 
lighten 
handle 
is 

fillers 
However 
cf vis 
which 1 
it is 
spheric 
example 
they al 



c J 



thermoplastic polymer foams, and especially 
ie foams, are generally formed by molding, for 
by injection-molding. The articles thus 
are generally used in the form as produced, 
rjious applications. 



tain applications, the expanded polymer material 
oduced into other materials. This is the case 
Lly in the field of lightened materials, such as 
2d concrete. An expanded material in an easy to 
form, which is dispersible in the matrix, etc., 
in applications of this type. Acicular 
are known for this type of application, 
their shape is detrimental especially in terms 
sity during their introduction into the matrix, 
imits, for example, the amount of fillers that 
possible to incorporate into the matrix. The 
1 shape of the fillers incorporated, for 
into concrete, thus presents an advantage: 
so allow optimization of the stacking in the 
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Furthermore, for certain specific applications such as 
lightened concretes, an article made of expanded 
material that has a closed porosity is desired, in 
order especially to avcid absorption of water by th« 
article made of expanded material, during Lhc 
preparation of the concrete. 
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invention proposes, in a first subject, a 
for preparing a pearl based on expanded polymer 
h a continuous skin, comprising the following 
ve steps: 

extruding through a die an expandable 
composition comprising a thermoplastic polymer 
and an expanding agent, in melt form, to 
produce the expansion 

cooling and chopping the expanded material 
directly at the die outlet using a knife. 

nticn also relates to a pearl based on expanded 
e and having a continuous skin. 



"pearl" means a small article whose largest 
is less than or equal to 15 mm. The term 
preferably means a spherical or essentially 
1 article. 



"pearl having a continuous skin" means a pearl 
s net have any surface porosity. Preferably, 
"pearl having a continuous skin" means a pearl 
s not have any porosity by observation with a 
electron microscope up to a magnification cf 
5000. 

neoplastic polymer may be used in the context cl 
intion. F.xamples of thermoplastic polymers that 
mentioned include polyamides, polyesters, 
hanes, polyolefins such as polyethylene or 
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polypropylene, polystyrene, etc. 

According to one particular embodiment of the process 
of the invention, the thermoplastic polymer is a 
polyamide . 



Any pol /amide known to those skilled in the art may be 
used in the context of the invention. The polyamide is 
general .y a polyamide of the type obtained by 
polyconoensation using dicarboxylic acids and diamines, 
or of the type obtained by polycondensat ion of lactams 
and/or amino acids. The polyamide of the invention may 
be a blend of polyamidcs of different types and/or of 
the Seme type, and/or copolymers obtained from 
different monomers corresponding to the same type 
and/or :o different types of polyamide. 
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es of polyamides that may be suitable for the 
, mention nay be made of polyamide 6, 
6,6, polyamide 11, polyamide 12, polyamides 
10; 6,12; 12,12, 6,36; semiaromatic poly abides, 
e the polyphthalanudes obtained frcrn 
lalic acid and/or isophthalic acid, such as the 
ie sold under the trade name AMODEL, and 
s and alJoys thereof. 



According to one preferential embodiment of the 
invention, the polyamide is chosen from polyamide 6 and 
polyamide 6,6, and blends and copolymers thereof. 



composition comprising a thermoplastic 
and an expanding agent may be used in the 
of the invention, as may any method £cr 
it. 



g to a f^rst particular embodiment of the 
of the invention, the expanding agent is a gas 
i disperse or dissolve in the polymer melt. The 
ion according to this embodiment is generally 
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by inf.roducinq the gas into the polymer melt, 
to a method known to those skilled in the 
/ gas known to those skilled in the art thai car: 
dispersed or dissolved in the polymer of the 
on may be used. The gas is preferably inert, 
that may be mentioned of gases that are 
in the context of the invention include 
i , carbon dioxide, butane, etc. 



ding 



Accor 
process 
chomica 
polymer 
this r 
expansi 
known 



to 



According to a second particular embodiment of the 
process of the invention, the expanding agent is a 
pore-rorming agent. Any pore-forming agent known to 
those scilled in the art may be used. It .is introduced 
into ths polymer according to a method known to those 
skilled in the art. An example of a pore-forming agent 
that may be mentioned is diazocarbonamide . According to 
this particular mode, the temperature during step a) is 
preferably greater than or equal to the decomposition 
temperature of the pore-forming agent. 

According to a third particular embodiment of the 
process of the invention, the expanding agent is a 
volatile compound that can dissolve in the polymer 
melt. The composition according to this embodiment is 
general Ly prepared by introducing the volatile compound 
into the polymer melt, according to any method known to 
those skilled in the art. Any volatile compound known 
to those skijled in tho art that can be dissolved in 
the polymer of the invention may be used. An example 
that may be mentioned of a volatile compound that is 
suitably in the context of the invention is butanol. 



to a fourth particular embodiment of the 
of the invention, the expanding agent is a 
compound that can react chemically with the 
by heating. A gas is generally generated during 
taction, this gas being the cause of the 
m of the blend. These chemical compounds arc 
those skilled in the art. Mention may be made, 
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e, of polycarbonate, which reacts with the 
e and decomposes to generate carbon dioxide. 
Tncal reaction takes place during step a). Any 
mown to those skilled in the art for preparing 
ositicn may thus be used. It is possible, for 
to prepare an intimate mixture of the powders 
polymer and of the chemical compound, or a 
of the polymer granules and of the granules cf 
cal compound. The polymer may also be in -he 
granules, which are coated with the chemical 
Another mode of preparation of the 
:ion is slurrying of the various compounds. 



It is also possible to Introduce the chemical compound 
into thfe polymer melt. 

According to this fourth embodiment, the temperature 
during step a) should be sufficient for there to be a 
reaction between the polymer and the chemical compound, 
and gen^raticn of gas. 

A comb .nation of the various embodiments described 
above may be used to prepare the expandable composition 
of the process of the invention. 

The expandable composition may comprise additives such 
as sur lactants, or nucleating agents, for instance 
talc, plasticizers, etc. These additives are known to 
those s tilled in the art. 

The expandable composition may also comprise other 
compounds, such as reinforcing fillers, for instance 
glass :;ibers, matting agents, for instance titanium 
dioxide or sine sulfide, pigments, dyes, heat or light 
stabilisers, bioactive agents, antisoiling agents, 
antistatic agents, flame retardants, etc. This list 
does no: have any exhaustive nature. 



In 



th<= 



context of the invention, step 



is 
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advanla 3eously performed in a blending device that can 
a pressure above atmospheric pressure. Step a) 
lerably performed in an extruder and more 
ially in a twin-screw extruder. 



generat 
is pr 
pre " 



if ere it 



The exp 
a mode 
extrusi 
may be 
in melt 



The exp 
in the 
a), be 
step a) 



andable composition may also be prepared in situ 
same extrusion device as that used during step 
ifore extrusion of the composition according to 
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andable composition may be prepared according to 
described above, and then introduced into the 
'jn device used during step a). The composition 
introduced in solid or liquid form, for example 
form. 



ample, when the expandable composition is in 
ice with the first or third particular 
*nt described above, the gas or, respectively, 
ile compound may be introduced into the sheath 
piston of the extrusion device of step a), 
Lng the polymer of the expandable composition in 



- which consists in extruding the composition 
a die to produce the expansion, is performed in 
manner known to those skilled in the art. 



Step b), which consists in cooling and chopping the 
expanded material, is advantageously performed using a 
granulating chopping device arranged at the die outlet. 

granulating device is known to those skilled in 
It comprises at least one chopping device 
the die plate, through which the polymer is 
, and a cooling device. 



The chopping device generally comprises knives, a knife 
holder .md a motor to drive the knife holder. The knife 
holder is usually rotary. 
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inc device may consist of a device for spraying 
ter, located close to the chopping device and 
plate. This is the case for the "hot-chopping" 
ors known to those skilled in the art. The 
device and the die plate may also be arranged 
ter-filled chamber. This is the case for the 
:er granulators known to those skilled in the 
i this water-filled chamber, the water is 
y in circulation .and ensures the cooling and 
tation of the polymer pearls formed in the 
device toward a dryer. The drying may be 
d using a centrifuge that separates the water 
pearls, or using a cyclone device. 



ierwater granulating devices are described, for 
in US patent 5 053 103. 



of the expanded material especially enables it 



Cooling 
20 to be sfet 



The water of the cooling device may be replaced with 
another liquid, generally used as solvent. 



25 Advantageously, the cooling in step b) is 
mid using a liquid, preferably with water. 



thus 



of such underwater granulators in the context 
invention makes it possible to obtain pearls 

expanded polymer and having a continuous skin. 

allows the manufacture of pearls with good 
on efficiency. 



The pe< rl obtained according to the process of the 
invention advantageously has a diameter of less than or 
equal to 10 mm and preferably less than or equal to 
5 mm. The size of the pearl depends on several 
parameters: it depends especially on the diameter of 
the hol^s of the die, on the extrusion rate and on the 
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The invention also relates to pearls based on expanded 
polyamide or polyester and having a continuous skin. 

This pearl based on polyamide or polyester 
advantageously has a diameter of less than or equal to 
10 mm and preferably less than or equal to 5 nun. 



The pe 
inventi 
less thlan 
or equaL 
than or 
the 

invcnti 
described 



The pea 
may be 
such as 
1 ighten 
a mold: 
molding 



Other 
emerge 
below a 
do not 

Figure 



rl obtained according to the process of the 
>n advantageously has a mass per unit volume of 
n or equal to 0-8 g/cm J , preferably less than 
to O.b g/cm* 1 and even more preferentially less 
equal to 0.3 g/cm 3 . The mass per unit volume of 
1 of the invention is measured according to the 
described in the experimental section. 



rl based on polyamide or polyester of the 
m advantageously has a mass per unit volume cf 
or equal to 0.8 g/cm J , preferably less than 
to 0.5 g/cm 3 and even mere preferentially less 
equal to 0.3 g/cm*". The mass per unit volume of 
based on polyamide or polyester of the 
pn is measured according tc the protocol 
in the experimental section. 



pearl 



rls based on expanded polymer of the invention 
used in the form as produced, in many fields, 
construction or aeronautics, for example as a 
.ng structure. They may also be introduced into 
ng device, for example for thernocompression 



details or advantages of the invention will 
nore clearly in the light of the examples given 
id with reference to the attached figures, which 
ronstitute a limitation to the invention. 



shows 



:op view of the pearl of the 
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invent! bn, observed with a scanning microscope. 

Figure I shews a "view in cross section of the pearl o: 
the invention, observed with a scanning microscope. 

Measur e nent of the mass per un i t ^ vo lume of the pearls 



The vc| 

dispiac 



lume of the pearls is estimated by water 
sment according to the following protocol; 



graduat 



sponds 



a 

the pe 
corre 
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The wa 
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again 
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grille, 
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g/cm J ) 



:£ ormed 



Exam ple 



; reduced 



A mixtn 
Technical 
and of 
under 
int 

company 
equippc 
company 
tempera 
twin-sdr 



A :703 936 2021 



P. 11'15 



ed conical flask of size suited to the size ot 
rls is filled with water up to the rim, which 
to a volume VI of water. The mass of the 
water assembly is measured, and is noted as Ml. 
er is emptied from the flask. The flask is 
with a given mass ml of pearls. The flask is 
illed with water up to the rim. The filling is 
while taking care to ensure, using a metallic 
that the filled volume is Identical to VI 
the presence of pearls at the surface. The mass 
flask + water + pearl assembly is measured, and 
as M2 . The mass per unit volume of the pearl 
equal zc [ml / (M 3 -M2+ral ) ] * d water in c/cra 3 fd w , t «-l 



EXAMPLES 



re of PA66 granules sold by the company Rhodia 
Fibers under the reference 132J00© (90% w/w) 
polycarbonate granules sold by the company Bayer 
the reference Makrolon 2207© f 10% w/w) is 
into a twin-screw extruder sold by rhe 
Leistriz under the name TSA-LMP 26-35®, 
d with an underwater chopping system sold by the 
Gala under the reference LPU Mod 5. The 
ture profile on the heating elements of the 
ew extruder are (in °C) 270-280-280-280-280- 
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280/ thfe adaptor is maintained at 272 c e and the die is 
heated ":o 330 fl C. The spin speed of the screws is set at 
201 rpxr . The extrusion rate is 15 fcg/h. The die is 
composed of a single orifice 2.4 run in diameter. The 
chopping water is maintained at 85°C. 

The knit'e holder comprises two knives and the chopping 
frequency is 2800 rprn. 



10 Rigid 

0.6 g/c$i 



Fi gure 
invsnti 
continu 
figure. 



shows a top view of the pearl of . the 
on, observed with a scanning microscope. The 
ous skin of the pearl may be seen in this 



Figure 
the invfc 
continu 
may be 

Example 



ur 



A mixt 
under t 
polycar 
under 
introdu 
company 
equippe< 
company 
tempera 
twin-sc 
adapter 
330 a C. 
The ext 
single 
is mai 



xpanded polyamide granules with a density of 
3 are obtained via this method. 



shows a view in cross section of the pearl of 
ntion, observed with a scanning microscope. The 
ous skin of the pearl and its internal porosity 
<>ecn in this figure. 



e of PET granules sold by the ccmpany Weilman 
ie reference Perrnaclear VI 84® (35% w/w) and of 
onate granules sold by the company GE Plastics 
the reference Lexan 121-111* (15?; w/w) is 
ed into a twin-screw extruder sold by the 
Leistriz under the reference T3A-EMP 26-35<;D r 
with an underwater chopping system sold by the 
Gala under the reference LPU Mod 5. The 
.ure profile on the heating elements of the 
ew extruder is (in *C) 280-300-315-335-275, the 
is maintained at 272°c and the die is heated to 
e spin speed of the screws is set at 200 rprn. 
usion rate is 15 kg/h. The die is composed of a 
orifice 2.4 nun in diameter. The chopping water 
ntained at 85 °C. The knife holder comprises two 
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and the chopping frequency is 2800 rpm. 

cpanded PET granules with a density of 0.7 g/cm 3 
ained via this method. 
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